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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active material with standing a high 
voltage by forming the positive electrode active material mainly into a hexagonal and/or 
monoclinic crystal structure and by forming the crystal structure into a multi-phase structure 
composed of two or more phases having different lattice constants. 

SOLUTION: Preferably, this positive electrode active material mainly has a layered and/or 
zigzag layer like crystal structure, and the crystal structure is a multi-phase one composed of 
two or more phases having different lattice constants. The desirable baking temperature, the 
baking atmosphere and the baking period thereof are 850-1050° C, an oxygen-containing one 
and 20-600 hours, respectively. A Li material, Ni material, Ge material and Ti material are 
UOH.H20, Ni(N03)2.6H20, Ge02 and Ti02, respectively. The positive electrode active material 
contains a composite oxide expressed by a general formula LiwAvQxCoy02 (where, A is Ge, Y, 
Si, Zr or Ti, Q is Ni, Mn, Fe or Al, and w, v, x and y should satisfy 0<w<1.2, 0.02<v<0.125, 0.01 <x< 
0.1 75, 0.01 <x/y<0.25, respectively). 
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1 

IM^3] lttlBjEtt<0iS4Mtfc LTL i fcM ({BUM 
rJ:N i , Mn, Co, Fe, A 1 a*6i8tf*bfc4>*< £ 

k fc -T 5 l ia*<o y ^ * a - ftm^feo 

xf:.tN i £G e ^tf/XIST i &&m7£3lk'fZ>Zk% 

m&ms] tt&jEmmvont it-^l i.AvQx 

Coy02 ((IlAUGe, Y, Si.Zr, T i fabm 
tfMxfc*J>*< <h t lS^±-C*i>^ QfiNi, Mn.F 

e . A 1 ^61lin^>ft < i t) 1 tHi-Cfc 9 , w, 

v, x, y te^rtt-^YLO ^w^ 1 . 2, 0. 0 2 ^ v ^ 
0.125, 0.01^x^0.175, 0.01^x/y 
<0. 2 5 COffiSH) X-7F£tlZm&mt®)ZStf~ t 

m»tC*5^T, ttrfEIE^^^ UT-^L iwGea 
TibNixCoy02 (w, a,b, x, y fi-ttt-^ttO ^ 
w < 1 . 2 , 0.02^a^0.125, O.Ol^b^ 
0.10, 0.02^x^0.1 7 5, 0.0 2 1 <x/y 

nftm?&o 

«»Ul*5^T. l»IBjEI(Oft««i Ut, ££LT\ * . 

liNi, Mn, Co, Cr, Fe, A 1 frbmffiMt'Jr 

[11^9] »*«3^e>6at/8^^i"^ 191-15 
*0?jE«S«»tt. Mtt^lTL i AOa , 
XfiL i 2 AOs, &U ; /XfiA02 ({SLAIiGe, T 
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2 

^Wir* ^ k ztt&k-t a y ^ . 

S5fOtE^4.4V «t9t3**<x 

HHihtBJEds 3 . 2 V in^S^-fcittf tt5« 

infill y-h^y^y, ^yA^'y^y, # 
mT-SIRffi, gftSSfS, >7^<, W^A*>i& 

— ->3 >^>^^a, 7i/t', 

i d^e l oto^-ftL^i W'ia*^y ^^^nftm?&o 
[SHBW»*i*»W] 
[0 0 0 1] 

[0 0 0 2] 

»«ax-6tcot>-*M (Personal Digita 

I Assistant, £>5i/M2Personal Intel I i gent Conmunic 
ator, $>6^li^y K^K- ^^a^-^) i:i^o 

ic*3 ^ r ii d v Djt«# ^ jw J: -5 g>mm4t&m&s m 

[00 0 4] £ «b (c, JftsNKSIinH(OiK« t) k k h 
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[0005] ~*m?&^*T*^^F^^^7Km^^fl?^^v^fcl 

lw«FlH|BS55— 136131 ^&«T-BB^£*VC^ -5 Li,Co 

UT> ft*5£L i xMOz (Mf2C o, Ni, F e , Mn 
- ■0 5t>^&aRS*t»l«Xtt2W»±-<05c***i-) 
T^tuSl! (#^¥2-306022 
^§") . ft^L ixCoi- y My02 (MfSW, Mn, T 
a, Ti, Nb<Do%jb>t>miR£tiZ>'Pte< 1 1 1«. 
0.85^x^1.3, 0.05^y^0.35) T^^tb 

l^fSLixMyGezOp (MliCo, Ni, Mn^ 
&«fflt* 1 &£l±<ttHj*&Jl5c3ll, 0.9^x^1. 20 
3, 0. 8 ^ y ^ 2. 0, 0.01^z^0.2, 2. 0 S 
P ^ 4. 5) XW£*L*»&Bfcftfe (4^^7-29603 
^0 . *>5l^tt. LixMi-yAyOz (MttaH£&JR-efc 
9 s AttS&AAMJ: 9 t>/h*i^^"^*«*#L. JL 
o-^<0^^^^^6Effi-r^^JS, x^l.0, 0.1^ 
y^0.4) T-*£;ft,S«^«ft<» («rl«*F5-283075 
«h «*, t^^/^^St5tOttt, Lia 
NibMicM 2 d02 (MlttCp, M2HS i, P, G 
a, Ge, Sb, Tl, Pb, B i <Z>#j&*&atf*L£ 1 

(4#IS^8- 78005-^-) N L iaN ibMicM2d0 2 (Ml(i 
Mn, Ti, Cr, Fe, V, Cu,M2ttAl, I 

n, s n<nmfrt>m&frz>in£i±<oytm) x^^ti^ 

i a N ibMic M2d O2 (M 1 HT i , V, Cr, Cut 
*>9, M2|*B, Si, P, Ga, Ge, Sb, Tl, 

pb, b i<Dm*t>mtftiz>iim±<D7*m) x^zti 

*JB««it4:*i-'5«'friWb«(»BI!¥8-78008*) . 
LiaMbNicCodO. (MfiA 1 , Mn, Sn, I 
n, Fe, V, Cu, Mg, Ti, Zn, MofrbMH 40 
*b54>#< £ t lS<^il, 0<a<1.3, 0.02g 
b^0.5, 0.02^d/c + d^0.9, 1.8<e< 

2.2, b + c + d = i) -e^r$tb-5a^»{b^ mn 

¥5-242891^) KZtm^ZthX^Zo 
[0 0 0 6] 

Ji[c:K»***{b^*a6 6ttX^ t) , 43rMBS55— 136131 
XZX^Z. «M-. jEa-CttLixCoOiiHlS^fi 
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LixCo0z<O31S^fi^6fiJ^3EmS:J-S^ 
otl/^, ^rit^;t. *TO&03Stt*£iLfflBE*4. 2 V 

te*rfgT-fc-5i^ 36li*tO*BiD^^ x LixCoOzCD 
t4b*)*«ft-e4.4V *«^-5«E«*-e3t» 

At*548^t*>5, jt^SL ixMOz (MfiCo. N 
i, Fe, Mn0 5^<biSIR£*L>5 lSX»i2««±: 

^¥2-306022-^-) fi, «*<OffflMtflE. i"ft*>*>. ¥ 

S»:M^If)ti^o U&*U **»-C4.4V 

ft Jf*?*!**^ mv&^^M^ 0 ft** LixCoi-yM 
yOz (MttW, Mn, Ta, Ti, N b 0> 5 
£*V<5'>ft< IS. 0. 85^ x^ 1. 3, 0 . 0 5 ^ y 
^0.3 5)t^^^yf !>^tS^tt 
3 -201368-^-) s £>5VMi. LixMi-yAyOz (MJi* 

0, 0.1^y<0.4) t*I^I^» 
5-283075-^-) , L iaN ibMicM2d02 (Ml fcfcC o, 
M 2 fi S i , P, Ga, Ge, Sb, Tl, Pb, Bi 

o#A*bmtxti& imsi±<D7tm) x^ztizmvzmm: 
*#i-***BMfc» (4»bu¥8-78oo5#) , l i a N i b 

MicM2"d02 .(MlliMn, Ti, Cr, Fe, V, C 
u, M2f*Al. In, S n<omfat>m&tlZ> 1 H£A± 

<07tm) x^zthzm vmm. z#-rz> m&m mm 

¥8-78007-^) % L iaN ibMicM2d02 (MlfiT 

1, V, Cr, CutJ)9> M2fiB, Si.P, G 
a, Ge, Sb, Tl, Pb, B i 1 

(#^^8-78008^-) . Li a MbNicCod0a(MliA 1 , M 

n, Sn, In, Fe, V, Cu, Mg, Ti, Zn, 
Mo^f>51tfiX-5^<C< t fc lS^M, 0<a<l. 
3, 0.02<b<0.5, 0.02^d/c + d<0. 
9, 1.8<e<2.2, b + c + d = l)X~7jk£tLZ>m 
^Kftft (#^¥5-242891-^-) icov^Tl>W«-e*> 
5, It^LixMyGezOp (MfiCo, Ni, 

Mni&*&»*h,* l««±<0»»ft*5c*, 0. 9 ^ x 
^1.3, 0. 8 ^ y ^ 2. 0, O.Ol^z^O.2, 2.0 
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5 

<p^4.5) X^iSthZm&mttfo (4#HP)¥7- 29603 
s THU ±|fi«ffi^4. 5 V <D*«=TT-3E»«S:ff 

fc\ ^F+#T-&£ 0 ceo J; 3 ^> tt*J:9t)»^«E« 

[0 0 0 7] #*91tf> i iSm/El-Wx. 3 S jESS- 
[0 0 0 8] 

«v>^if^Jl«3efi«igT\ fro. ii&iE*£S«it;5SJ«^. 
[0 0 0 9] *»WOjEaBS«Ktt*ffiftUfc*mi:tt 

y ^ r> a ^ coffin— SoJJlBSttt t o r» A 

[0 0 10] *»WO]E«S4fc»i. Li^M ({BUM 
liNi, Mn, Co, Fe, A 1 fr ^iltf*Lfc'># < £ 
tll«±) i:GeM/XttTi^7C*tU fr 

^if^jBttteawifi-c. fro, 

[0011] *»M^iE«S«Wtt. LiKo 

&tf/XI*N ii:Ge Rtf/IfcttT i *£4*5£*i: L> 

v?^^Jl«te*«iftr% fro. ffiUfg&mm&#4& 
»^***2oa±o«-t«rissix*att«ii6-c*>*- 

[0012] ^7c*offi-&^:H 

L i — C o — G e 

L i -N i -G e 

L i -C o-N i -G e 

L i — C o -T i 
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Li-Ni-Ti 

L i -C o-N i -T i 

L i-Co-Ge -T i 

L i — N i -G e -T i 

L i-Co-Ni-Ge-Ti 

L i — C o — N i — G e 

L i— Co — Ni— Ge— Ti 

70 [0013] *»wojE^»f±»*<o*m*riasa^ 

1 0 5 om-5, £fc. *ta* L^««?l«tt» 

££1-. *ta*b^HJ«BC»ttL i w 
ft-CfiLiOH • HzOTfc^ N.i JSl^-CliN i (N 
03>2 • 6H2 0Tr£>l9 v G eI(SfCliGe02t^^ 
Til^liTiOa 

20 [0 0 14] *38W<o]E«iS«Ktt. -ltt*L 

i»AvQxCoy02 (jltAHGe.Y, Si, Zr, T 

Mn, Fe, A 1 ^P,IlfiX^>i < t 1 

t). w, v, x, ytt^UCTb0£w£ 1. 2, 0.0 2 

^ v ^ 0. 1 2 5 , 0.0 1^x^0.175, 0.0U 

x/y^o. 2 5^eror^stt-6«-&»>ffe:«j^tpr 
[0015] Li s^^t?-rwcoffiii^m> «C«IC «t 9 

-> 3 ^®^i9w^fii[^/h$<^ | 9. 9 l 

i ^rxo^i >frj&r 9 ^(DWrXi^^ 

</£5o LiI^1.2 ±9t#i^«Ej«<oias-e^ 
rs#»y^*-M«fl:y^*^, *Kfty 

So 

40 [0016] tt, At UT^-TG e, Y, Si, Z 
r, T i fr&»*lxfc4>fc< £ 1 l«£JUt-CC oSrSm 
t6^^ J S^U\ AS^r^^-Tv^ffiii^m, scm 
\C£ ^ftt^l^\ 0.-0 2£v£0. 1 2 54>fiH-e 
vWffl^0.0 2 *3S<£>:§&^\ A(?)M^^ 
Sit, spy$mffi«>«T^*U<, ^^v^mJSEX- 

<Dlt&0. 12 5 «:«^.-5»^iCttBJ^J*»** s *<. 
JO ^fNi, Mn, Fe, A 1 fr ^iSl^iX^?i < 1 1 1 
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7 

x^ffll^O. O 1 ^ x ^0. 1 7 S^jfcH-efcSo xCOffl 
#0.0 l*W<a»g\ S^mEET-^5ftmiC^lte^-f 
*/H&WS<* £&fc{£TU #£L<^\ x 
<nm&0. l 7 5 *m^Z%r&\aW\4iJ&%)S;tf&< s 

fc>-f x coti: C o y(Dfct <DttX'3bZ x / y 

12 0. 0 1 ^ x/y ^ 0. 2 5 0.ttlTfc5, x/y^H 

[0017] W JE«g»»i, Li.Ge, 

TibNixCoy02 (w, a, b, x, y fl^tb^Jx 0 
^ 1.2, 0. 02^a^0. 1 25, O.Ol^b^ 
0.10,0.02^x^0.175, 0.0 2 1 ^ x/y^ 
0.2 5 £>«5ffl) T^Sn5«^^l:ft«:^tf-tS:» 

[0018] Li m&mt>~tvr<Dm*3tm, tkmzx v 

< fcS. LiI^1.2 it) t^PiM«S^ 

BlL*V^ 0. 0 2^ a ^0. 1 2 5 <D<SH"C#><5, a 
^ffl^O. 0 2 5fei»C0»£\ G e (Oa**S«M»*iX 

<ottdso. i 2 5 &m7Lzm&ia'£m±&m&&£>< , 

WzRtf? LS*itt<ftotGe is»ft4fci: Itiotl 

-Tb^ffili^S, tt«(cj;DaE»Lftv>^ 0.0 1^ 40 
b SO. 1 0£>«fflT*>£o b 0*1*50. 0 1*3|C0J© 

i^fctf)^ L< *fc % bcoffi^O.10 &mzLZ> 

T i &mt«0k lt»oTL4 5fe*. M^fTlt 
»*U<*V\ Nii^fx(OfH0.02^x^ 
0.17 5C0|SST'^^ o xWO. 0 2 *f»OS 
£\ ?^!EOfiT^f K^L<^lV N i 




»Bli2 001-52704 
"f*/H*sMB<* #*L<*l% xO»i0.175 £ 

oft**fc1-y<Offi£<Dtt:^fcSx/yli0. 0 2 1^ 
x/y £0. 2 5CDmmX-hZ 9 x/y<Offia*0. 021*98 

M±/fi»*##K* ffi:05LSii4<ftotGeiS8 
[0 0 19] x/yWO. 2 5 ^^^5^ 

[0020] **wo]E«igKMrr±, itut, 

2 ^±(OftT« £ ftSWBWBt-e* 6 r fc *«r» fc 

[0 0 2 1 ] *»tH<0jE«ff*»*. LitM (fBLM 
UN i , Mn, Co, Cr, Fe, A 1 ^biStfitfc^ 
4<ttlSeil) tGeWXIiTiMf5cSt 

[0 0 2 2] * *»n<DJEfi&«ftt 
^LTLiAOz , a^/XHL i2A03 x Stf/Xf* 
AO2 (jBLAfiGe, T i *»&iBfittfc** < t fc 1 

[0023] «na»{b*<o*ft^^fi«a{ST*fcfc 
[0 0 2 4] *»wo:£«s«Kfc«^fc«6 

je*s 4 . 4 v «t «9 fc^c^ < . mmm^srm^itsjE^ 3 . 
[0025] ^m<o^mm^jmm^m^nM(om 

mtbx^, s^ffliRa, itti^mis, 
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-yyf^uyy, *»*^*. SBHft, ttftB. ^~ 

hw, gib*, Manx, =01^*- k mft#- 

\<^ZZbfcXZZ> 0 
[0 0 2 6] St*W-ftt»t'tt4. 4V i 9 

[0 0 2 8] t**OiEffi«-3|sfCtt. sp*«BE*5fiV^fc 
ft, *«»^«»Jh«ffi^ 4 . 4 V£9 fc*#l^*f* 

§fliiai^$fOL i >f #-:/£:fciJLA;ft/f So wtt 

«*«ft*ig*«ft«=-e*w * /^str ^ ^ £ t H 

So 

[ 0 0 2 9] jE8i»i»Htt L i J-xoj&mm 

[0 0 3 0] JHWe,(c*5MBof*5ffl*:«W-*-5. *»H 
MSiS*»4Ge, Ti, Zr, Y, SitCo^N 
i, Mn, Fe, A 1 ^rSft"f <tl££o~C#£>tl/ 

[0 0 3 1] Ge, Ti, Z r , Y, Si 
Co*Ni, Mn, Fe, A 1 h 4r«jft LT^<5 X 
5 IC&ttflSa 5 . *B8l£ttl*W>iL i M02- (M=G 
e, Ti.Zr, Y, Si) Sr&^-CI^So 
fc, L i MxQi-xOz (M=G e, Ti, Zr, Y, S 
i ,. Q=Co, N i , Mn, F e, A 1 ) OH/SKiSl^ 

[0 0 3 2] (§11 l^aWOlSA^T* A*S:a*1-. -/ft^ 
L i QO2 T-*$ix5fie*^«-&»ib«l^iefi j e-'7 ? ^ 

^ty4t^^ yv.ffiflcjfts— 36<o»-¥-*>r xx-^fliJiE 
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[0 0 3 3] 12 3 tC*«MO]EffiS«)K^*«SlC, in 
XL i (DW&^&^X&teZ^^-mLZtkCZo 

ft. M-f ^^^»»srs*ti'. 3e«Rjc^ s aifTbTt, 

L i as£fcT*oT^5*4fcJI&5 fc L i jMMLfcXflM 

[0 0 3 4] CO) £5 (w2o^Jt<Dffi^S^E"t-e*t^4: 
L i QOz <D&&ft<DL it. L i MO 
2 ^feirtWL i, fcSl^fl* LiMxQi-xOz (0< 
x<l) cOi^AP^^L i T% L i ^BW»w*3V>T^/u 
Sfcfcx *BWIIi:*5. 
30 -m-L i<OfflAOiw*3*tS»Sti:*oT«firSr'}f L± 

[0035] L i QO2 ^Li MO2 , L i M*Qi-xO 

2 (o<x<i) (D$Lj$.$:mm-rz>jjmb ^xtexmEVr 

ft. feii^^WI-L iM02 J^^ICtL i2M03 
50 5 0 




11 

[0 0 3 6] a*COffi^A!9a5i:ofe*38M(OiftS»3t 
£#3Clf3: s G e, Ti.Zr, Y, Si 0*f»-Cfc4*fc: 

l/^fl, -K^L i.GeaT ibNi/CoyOa (w, 
a, b, x, y It^^tlO ^w^ 1 . 2, 0.0 2^ a 
£0.125, O.Ol^b^O. 10, 0. 0 2 ^ x ^ 
0"l 7 5, 0.0 2 Ux/y^0.25 <^|5H) 

[0 0 3 7] 70 

JKfttl/t, LiOH-HzOiC-oaOi &3ttl<D* 
/UtfcTift^-U Ge 02 SrCoilttt 1 01g^%B» 
£*£l£ttJD;t. ^-^/^{tffiLT^iaxi 5 h 

U '*6^4 7 hflM*Ufc«, 6'30tt20 

h«#U »«^85WC-C2.-0 h«»LTl«rilLfco » 
^n/cijES^®^J5feliL i Coo. 9Geo.i02t^-5 

tf«*W»Lfc q S^">lt«»iltLizGe03t 20 

y 8 : 7 : 5t45i5 

scst-j;oT^t:u *^ttH»oajti. 2 j^ro© 

HT-*>iit4r»»Ufc 0 £Ac, 1. 2 ^xfc^lc 

1 . 0 5 ]^T«)*&l:tt, ^frB#<OMS^7 0%£LtcD 

[0 0 3 8] ACtmfc Lt AW»«: 9 311%, *g 
**Ji: LT#J7yfte=y9 f yt7ll%IIIUjk* 

«15 0t-C5»BXSWlLfc. B7l;i*»Wtt:J:S 

ttSr»*tt^»I5I U SUS Sf 1 3 (CjfA L 

/c 0 Afiiis-^ i 4 itmmm i 3 ic\ ie«#b- 1 5 nii 

lmol <DLi. PFs S:8*Ut«fttel3rtlcft«L 
/c 0 f'Ml 6 4rl»ftl 3 fcttflttttTiaai 8 rim, 
^5^6 5iim<OR«il!«?&S:f^»b^: 0 

[0 0 3 9] Wfittl CmAT-4. 2 V— 4. 8V*tS 
««E-C561«. «rlB«JE-C3i*fiB*UQE561Lx 1 Cm 

ax 3. 2v ^x^cm-re^m^m^frtv v-tf/u 
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• [0 0 4 0] lUOUmi) jEtt»»<OjDK»t LX Li 
2C03cCo3 04^3^2(75^HtT*^L, G e O2 
SrCo^»LT 1 p])!C^%ijft**51fc # ftftl^ 
/^^yuSrffiffl LTMT'l 5 h^L/c 0 
l^t8 5 Ott'5 h«#UT«W8Lfco #*>*LfcjE' 
ffg«Jt©IWtf±LiCoo.9Geo.i02 Xfc «9 , Xi&" 

[ 0 0 4 1 ] (3ISM2) .**WO-]Eai««.ttW»t L 
t, L iOH - H2O £ C 0304$: 3*tl (D^/Uttxfe 
*U T i 02 tCoi:»Lt l 0^%1S^*51 

fco cMKS#|^X*l 5 Ott'l h^l, S6 
lw4 7 0tT*5h^L>cI, 6 10t-C2 0hft» 
U *« ^950^X2 0 hMltMlt Hfcnfc 
jEffiS^.Ko«j«ttLi"Coo.9Tio. lOzt^^, 

isufco itl i t i 02 zmmi, 

fc*^^/u»*^*< % #ic4. 4 v—4. 8 v<D3tmm 

[0 0 4 2] (lt«^2) jE«*f»Oi|C»i:UT. Li 
2 C O3 £ C o 3.04'fr 3 *t 2 (D^/UttX-feS U rtlll T 

i O2 ^Col^ltl Ol^/olj^Jt^ffcltiP 
^ ^/U^USrftffll-Ciifttl 5 hS^Lfc, Ctt 

^tifclEM^S^MliL iCoo.9Tio.1O2 X£> 

4 V J: D t*^««t?i>-^^/n»*As«v\ 
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